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The factors that influence in vitro micropropagation of Pistacia vera were investigated. A 
variety of sterilization or disinfection procedures can be used. However, sodium 
hypochlorite was more conducive to rosette development of P. vera. On the other hand, 
the initiation of Pistachio micropropagation using buds or nodal segments from adult field-
grown plants is difficult because of the rapid oxidation of tissues after plating. This 
problem was minimized to a great extent with successive subcultures in new media. 
Furthermore, the explant should be obtained at the suitable physiological stage of 
development. The best results were recorded with nodal segments taken in full growth 
(spring). Also, the use of explants from juvenile material (seedling) improves the results. 
Shoot proliferation medium containing cytokinin alone or in combination with an auxin is 
necessary. Our results demonstrated that meta-topolin (mT) was suitable for effective in 
vitro proliferation of axillary shoots. In vitro shoots can be rooted easily ex vitro. The use 
of ex vitro rooting technique for root development in the large-scale commercial 
production of plantlets seems to be a more appropriate method compared to in vitro 
rooting.  
 
R E S U M E   
 
Facteurs affectant la micropropagation in vitro du pistachier (Pistacia vera L.). Les facteurs qui agissent sur la micropropagation in 
vitro de Pistacia vera ont été étudiés. Diverses techniques de désinfection peuvent être utilisées. Cependant, l'hypochlorite de sodium était 
plus favorable au développement des pousses feuillées chez P. vera. En revanche,  l’établissement des cultures à partir des bourgeons ou 
des segments nodaux provenant d’arbres adultes est difficile en raison de l'oxydation rapide des tissus. Les repiquages successifs fréquents 
sur des nouveaux milieux ont permis l’élimination des composés phénoliques et l’amélioration de la réactivité des bourgeons. De plus, les 
explants prélevés en printemps ont donné les meilleurs résultats comparativement à ceux provenant d’un matériel végétal dormant. 
Toutefois, l’utilisation des plantules juvéniles préparées et élevées en serre a amélioré nettement les résultats. 
Le milieu de multiplication contenant une cytokinine est nécessaire pour la prolifération des pousses feuillées chez le pistachier vrai. Nos 
résultats ont montré que la méta-topoline (mT) est plus efficace pour la prolifération in vitro de pousses axillaires. Ces dernières peuvent 
être facilement enracinées ex vitro. L'utilisation de la technique d'enracinement ex vitro pour une production commerciale à grande échelle 
de plantules semble être une méthode plus appropriée par rapport à l'enracinement in vitro. 
Mots-clés : Pistacia vera, micropropagation in vitro, agents stérilisants, milieux, prolifération des pousses, enracinement ex vitro, 
acclimatation. 
 
 
1. Introduction 
 
    The Anacardiaceae family comprises more than 70 genera and over 600 species most of which are mainly 
trees and shrubs growing in tropical, subtropical and temperate zones (Mitchell and Mori 1987; Wannan, 2006).  
The Pistacia genus includes 11 species (Zohary, 1952) which are evergreen or deciduous resin-bearing shrubs 
and trees which are characterized as xerophytic trees. Pistacia vera is the only species of the genus cultivated 
commercially and the rest of the species are mostly used as rootstocks for pistachio (Hormaza and Wünsch, 
2011). 
 
    The genre Pistacia is characterized by its dioecious reproductive system, meaning the male flowers are borne 
on one tree and the female flowers on another. Pistachio, as well as other species of the genus is characterized by 
a long juvenile period, typically bearing few nuts before six years of age. 
 
    The pistachio is usually propagated by budding or grafting selected scions onto seedling stocks of P. atlantica, 
P. terebinthus. These rootstock species, raised in nurseries, are used because of their vigour and resistance to 
nematodes and soil borne fungi. However, the expansion of pistachio plantations has been limited by using these 
traditional methods. The development of procedures for rapid in vitro clonal micropropagation may be of great 
value to the industry. 
 
    Tissue culture technology has been widely employed in agriculture, horticulture, forestry and plant breeding. 
It is significant because of its application in mass multiplication of elite genotypes, virus elimination, secondary 
 Benmahioul                                                        Agric. For. J. Vol. 1, No. 1 (2017) 
 
© 2017 Agriculture and Forestry Journal 
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial 3.0 International License 
57
metabolite production and in vitro cloning of plants. This technique offers currently an alternative to vegetative 
practices and has the potential to provide high multiplication rates. 
This paper will summarize the different factors affecting the micropropagation of P. vera. 
   
2. Factors affecting explant establishment 
 
2.1. Types of sterilizing agent 
 
    All plants contain endogenous microorganisms that make establishment of explants in vitro a difficult 
procedure. The major factor in the failure of cultures for many woody plants was contamination by both bacteria 
and fungi. These microorganisms can be difficult to eliminate and may also limit the initiation of axenic cultures. 
To avoid this problem, the plant material needs to be disinfected. In addition, sterilization of tools and the 
establishment of a germ-free working atmosphere are required. 
 
    The disinfectants widely used are sodium hypochlorite, calcium hypochlorite, ethanol, mercuric chloride, 
hydrogen peroxide, etc. The explants are surface sterilized only by treatment with disinfectant solution at 
suitable concentrations for a specified period.  
 
    A variety of sterilization or disinfection procedures are used. Tilkat et al. (2013) report that 10% NaOCl × 30 
min-treatment may be the optimum time of immersion in NaOCl to sterilize pistachio shoot tips. 
    During sterilization, the explants should not lose their biological activity and only contaminants should be 
eliminated. For it, the choice of the disinfectant is important for reactivity of the explants cultured in vitro. 
Benmahioul et al. (2016) reported that sodium hypochlorite was more conducive to rosette development of P. 
vera compared to mercuric chloride. In addition, HgCl2 is seldom used as a plant sterilizing agent today, as it is 
dangerous to use and is difficult to dispose. 
 
    Initial establishment of cultures free of pathogenic microorganisms is important, and pretreatment of mother 
stock is the best way of achieving this. Indeed, using explants from juvenile material (seedling) was better for 
sterilization and gave more than 95% of sterile explants (Benmahioul et al., 2016). A procedure for pistachio 
surface-disinfection is described below. The shoots were prepared for a sterilization procedure by removing all 
expanded leaves and they were washed under running water. After division, the explants were rinsed by soaking 
them in 70% ethanol (v/v H2O) for 1min and then disinfected by immersion for 10 min in a solution of sodium 
hypochlorite (NaOCl 2.6% available chlorine) containing a few drops of a wetting agent, and rinsed three times 
in sterile distilled water. 
 
2.2. Explants type 
 
    Practically any plant part can be used as the explant source and can regenerate plantlets cultured in vitro. 
However, the choice of appropriate explant is very important prior to tissue culture. Furthermore, the risk of 
microbial contamination is increased with inappropriate explants. The explant should be obtained at the suitable 
physiological stage of development. Benmahioul (2009) reported the effect of the season on percent response of 
explants and frequency of contamination. Indeed, all explants collected during autumn (dormant axillary bud) 
from adult trees were contaminated after a few days. However, the best results were recorded with nodal 
segments taken in full growth (spring). The contamination percentage of 84.7 and 38.7% was recorded with 
sodium hypochlorite and mercuric chloride, respectively. 
 
    The age of explants source also influence the organogenesis response. Generally, younger, more rapidly 
growing tissue is most effective: the more juvenile the tissue, the better it will respond to in vitro treatments 
(Benmahioul, 2009; Benmahioul et al. 2016). 
 
    Tissue browning is frequently observed during in vitro establishment of explants from woody plants. The 
initiation of Pistachio micropropagation using buds or nodal segments from adult field-grown plants is difficult 
because of the rapid oxidation of tissues after plating. This problem was minimized to a great extent with 
successive subcultures in new media (Benmahioul, 2009). The addition of antioxidants charcoal and polyvinyl 
pyrrolidone to the culture medium did not reduce the exudation of phenolics during establishment (Onay, 2003). 
 
2.3. Effect of light  
 
    Light is a fundamental environmental cue in the life of plants, playing a important role in the regulation of 
plant development and growth. It has been widely shown that in vitro microenvironmental conditions, such as 
light, can modify culture response (Chee, 1986; Baraldi et al. 1992; Bertazza et al. 1995; D'onofrio et al., 1998; 
Stefanol and Rosari, 2003; Lee et al. 2007; Aggarwal et al. 2012). In moderate light intensity, plants generally 
bear longer internodes, and are less tough and more succulent with larger leaves than those grown in intense light 
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(Barber and Anderson, 1992). A few bibliographic data on the effect of light quality on in vitro pistachio are 
available. Benmahioul (2009) reported that the light intensity of 90µmol m-2s-1 altered the growth of Pistacia 
vera seedlings. The best results are obtained with 40µmol m-2s-1. 
 
2.4. Culture Medium 
 
    The composition of the culture medium depends upon the plant species, the explants, and the aim of the 
experiments. Indeed, optimal growth and morphogenesis of tissues may vary for different plants according to 
their nutritional requirements. The composition of the media used for in vitro culture of P. vera is usually based 
on the nutrients of the MS medium (Murashige, Skoog 1962). In our experiments (Benmahioul, 2009; 
Benmahioul et al., 2009, 2012a, b, 2015, 2016) the most suitable medium for culture initiation was MS medium 
supplemented with vitamins B5 (Gamborg et al. 1968), 100 mg·l–1 inositol, 500 mg·l–1 casein hydrolysate, 3% 
(w/v) sucrose and mg·l–1 6-benzyladenine (BA). The pH was adjusted to 5.7 prior to the addition of 0.7% (w/v) 
Difco Bacto agar, and the medium was autoclaved at 113°C for 20 min. 
 
3. Shoot Multiplication 
 
    The composition of the medium, particularly plant growth regulators (PGR) have found effects on the growth 
and differentiation of the tissues. Indeed, the use of PGR in pistachio tissue culture is of fundamental 
importance. Shoot proliferation medium containing cytokinin alone or in combination with an auxin is necessary 
(Benmahioul et al., 2009). The results of our studies demonstrated that meta-topolin (mT) was suitable for 
effective in vitro proliferation of axillary shoots (Benmahioul et al., 2012a, 2016). The best results were obtained 
with 2 mg l-1 mT (2.5 usable shoots/explant, 2.3 cm shoot height) (Fig. 1A).  
 
    Rooting and acclimatization may be hampered by low shoot quality. After the propagation stage, the 
microcuttings are transferred onto fresh PGR-deprived medium containing 0.2% activated charcoal (Benmahioul 
et al., 2012b) (Fig. 1B). The aim was to enhance the elongation and strength of plantlets so that they would be 
suitable for subsequent rooting and acclimatization experiments (Benmahioul et al. 2012a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1- Multiplication of shoots on MS medium containing 2 mg·l–1 meta-topolin (A), 
Vigorous shoots obtained after 30 days on hormone-free MS medium containing 0.2% activated charcoal (B). 
 
4. Rooting and acclimatization 
 
    Rooting is a crucial step to the success of micropropagation. This step may involve not only rooting of shoots, 
but also conditioning of the plants to increase their potential for survival and acclimatization. Adventitious root 
formation can be induced quite readily in many herbaceous species but not in most woody species (Bajaj, 1991). 
Both in vitro and ex vitro methods have successfully been used to root and acclimatize micropropagated P. vera 
shoots.  
 
    For in vitro rooting, there are varying rooting responses of pistachio micropropagation in semi-solid medium 
(i.e. Tilkat et al. 2008; Benmahioul, 2009; Tilkat and Onay 2009). Akdemir et al. (2014) reported lower rooting 
percentages. Shoots cultured in root induction medium containing 2mg l-1 IBA in RITA (bioreactor system) 
produced 3.72 roots on average with 27.5 % rooting. However, lower (1mg l-1) or higher (4mg l-1) concentrations 
of IBA resulted in 20 and 7.5 % rooting percentages, respectively.  
 
    In ours studies, the rooting of shoots was attempted through a two-step process. The shoots selected for 
rooting were cultured on half-strength MS supplemented with different concentrations (0.5-2.5mg l-1) of auxins 
(Indole-3-butyric Acid (IBA) and 1-Naphthaleneacetic Acid (NAA)) used alone or in combination. After 1 week, 
the shoots were transferred onto the same medium lacking hormone for root elongation. The best results (35, 24 
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and 23.3%) are obtained with 1mg l-1 NAA, IBA/ANA (1/1) and 2.5mg l-1 IBA respectively. The use of 3-
Benzo(b)selenyl Acetic Acid (BSAA 0.25, 0.5 and 1mg l-1) did not improve the results (10, 20 and 6.7% 
respectively) (Benmahioul, 2009). Marin et al. (2016) indicated the favorable effect of paclobutrazol, on rooting 
of pistachio. This inhibitor of GA synthesis improved rooting up to 83.3 %. 
 
    Great advances have been made in rooting of micropropagated shoots over the last years. Indeed, for ex vitro 
rooting, the basal ends of the shoots are dipped in commercial rooting powder (2% indole-3-butyric acid; 
Rhizopon®) prior to planting. The microshoots were then inserted into Fertis® plugs (4×6cm) containing a peat-
perlite-vermiculite (80/15/5%) mixture, placed in covered plastic trays and maintained under high relative 
humidity conditions. This method gave the best results in terms of rooting percentage (82%) and number of roots 
per microplant ranged from 3 to 4 roots (Fig. 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2- Ex vitro rooted shoots treated with 2% indole-3-butyric acid (Rhizopon®). 
 
    Approximately 80% of the plantlets transferred to ex vitro conditions in a greenhouse were acclimatized 
correctly (Benmahioul et al., 2012a). Our results showed that the ex vitro rooting of Pistacia vera L. did not 
depend upon the previous BA or mT culture of microshoots. No difference was noted between the two types of 
microcuttings rooted using Rhizopon. The rooting percentages were high for shoots propagated on media 
containing mT and BA (82.5 and 75%, respectively). In many woody plant species which are difficult to root, 
the in vitro generated shoots rooted successfully under ex vitro condition and survived (Benmahioul et al. 2012; 
Vibha et al., 2014). 
 
5. Conclusion 
 
    Pistachio nut (Pistacia vera L.) is one of the most important nut crops in the world. This species is an 
expanding crop in the world where the cultivation area is increasing steadily. However, high quality plant 
production techniques must be implemented to ensure the successful extension of this species. 
 
    Clonal propagation is an efficient technique for increasing the productivity and uniformity in woody species. 
During the last decades, plant micropropagation has been one of the most significant contributions of 
biotechnology to the horticultural industry. Successful in vitro propagation of many plants is now being used for 
commercialization. Many commercial laboratories worldwide use in vitro technologies. Indeed, in vitro 
multiplication of woody species has many advantages over conventional vegetative propagation methods like 
fast multiplication of the elite genotypes, season-independent production of plants, rapid plant multiplication and 
production of disease-free plants, genetic manipulations and germplasm conservation. Despite these advantages, 
plant tissue culture techniques are expensive methods of propagation.  
 
    The optimization of culture conditions results in better productivity of cultures not merely in terms of number 
of shoots produced, but even in quality, which in turn facilitates their growth and acclimatization. Our studies 
demonstrated that meta-topolin was suitable for effective in vitro proliferation of axillary shoots. In vitro shoots 
can be rooted easily ex vitro. The use of ex vitro rooting technique for root development in the large-scale 
commercial production of plantlets seems to be a more appropriate method compared to in vitro rooting. It is 
advantageous in terms of better root system, ease of acclimatization, time reduction and gives higher yields and 
profits. In another side, the cryopreservation is currently the best technique to ensure the long-term conservation 
of species with intermediate and recalcitrant seeds. For pistachio, a very simple method, comprising two hours of 
dehydration followed by direct immersion in liquid nitrogen, was developed for embryonic axes (Benmahioul et 
al., 2015).  
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